Three further cardiovascular (CV) outcome studies of glucose-lowering drugs (linagliptin, albiglutide and dapagliflozin) have recently been published, adding to the twelve earlier within-class studies. The linagliptin study (CARMELINA) recruited people with renal disease as well as prior CV events and confirms the overall CV safety (and other safety) of the dipeptidylpeptidase-4 (DPP4) inhibitors, with no heart failure risk associated with this agent. However, taken together with the findings from two previous studies of DPP4 inhibitors (sitagliptin and saxagliptin), the three DPP4 inhibitor CV outcome trials (CVOTs) have highlighted a safety signal regarding risk of pancreatitis. Like CARMELINA, the albiglutide study (Harmony Outcome) had a very high CV event rate. Despite being a short duration study, albiglutide showed strong superiority for reduction in the major adverse CV events (MACE) composite in people with extant cardiovascular disease (CVD), in line with the earlier studies on the GLP-1 receptor agonists (GLP-1RAs) liraglutide and semaglutide. Positive effects can be detected for all these medications from before 12 months and continue for the whole study duration. No new safety issues for albiglutide are identified and the lack of a pancreatitis or a pancreatic cancer signal for this class is now clear. For the sodiumglucose cotransporter-2 (SGLT2) inhibitor class, the DECLARE-TIMI 58 study (of dapagliflozin) clearly indicates strong protection for heart failure in those with CVD, and probably in those with no prior CVD. There is also strong protection against renal decline with dapagliflozin, with similar risk estimates in DECLARE as previously reported for empagliflozin and canagliflozin. However, findings for MACE outcomes with dapagliflozin are not concordant with the empagliflozin and canagliflozin studies, and are not convincingly superior across class and for the longer term. Care is required when prescribing the SGLT2 inhibitor class of medications to people with foot vascular issues or prior amputation, and to insulin users in regard of ketoacidosis. In summary, taking into account the findings from these new studies, it is suggested that a GLP-1RA should be offered to all people with CVD and type 2 diabetes, and SGLT2 inhibitors should be prescribed for those at high risk of heart failure or with progressive decline in eGFR. DPP4 inhibitors are a safe choice within the glucose-lowering stepped algorithm.
Introduction and background
Prior to the year 2000, the only glucose-lowering medication major cardiovascular (CV) outcome trials (CVOTs) in type 2 diabetes were from the University Group Diabetes Program and the UK Prospective Diabetes Study (UKPDS) [1, 2] . Preclinical signals of cardiac adverse effects with the thiazolidinediones later led the European regulator to mandate a CVOT for rosiglitazone and pioglitazone [3, 4] . However, it was only with the signal for increased myocardial infarction (MI) in phase 2/3 studies with rosiglitazone, identified by GlaxoSmithKline in 2006 and Nissen and Wolski in 2007 [5, 6] , that concern was highlighted that neither conventional development programmes (of >2000 patient-year exposure) nor postmarketing surveillance (because occurrence of CV events is unremarkable in the type 2 diabetes population) could reliably detect increased CV events. Anxieties around other medications increased that concern [7, 8] .
Accordingly, the US Food and Drugs Administration (FDA) mandated that, after licensing, glucose-lowering medications should achieve a maximum hazard of 1.30 (upper 95% CI) in a CVOT with a composite endpoint of first MI, stroke or CV death event [9] . This was applied even to medications with CVOTs that began before the mandate was issued [4, 10] and eventually to a new insulin analogue [11] . Prior to the studies highlighted in this review, that is those with results presented and published in October/November 2018, none of the twelve CVOTs would have failed the '1.30 test', although some studies did have a CV-related adverse signal and, in others, safety signals were detected for non-CV outcomes [3, 4, [12] [13] [14] [15] [16] .
The three most recently reported CVOTs were on a l b i g l u t i d e ( H a r m o n y O u t c o m e ) , l i n a g l i p t i n (CARMELINA), and dapagliflozin (DECLARE-TIMI 58) [17] [18] [19] , and hence allow discussion of the findings of three classes of glucose-lowering agents. It is noted that other studies will be reported on in 2019 (with top level announcements already made), namely REWIND (dulaglutide CVOT), PIONEER 6 (oral semaglutide, phase 3 CVOT), CREDENCE (canagliflozin renal outcome study) and, later, CAROLINA (linagliptin vs glimepiride study) [20] [21] [22] [23] . The questions that might be asked a priori of a CVOT in a field where previous medications in the same class have already been reported on are: (1) are the findings in a comparable population; (2) are the findings consistent with previous results; (3) do the findings assist in understanding unexpected results from previous studies; (4) are there any novel insights or signals worth consideration; and (5) how should this further study affect clinical guidelines in relation to this class of drug?
Methods
A systematic search was not performed for this review, as findings for the criteria that would have been used to reject an upper 95% CI of hazard of <1.30 (a priori study power for major adverse CV events [MACE; CV death, MI, stroke], or prima facie post-priori power to detect superiority in a single study) are limited to a handful of recently published studies. Moreover, meta-analyses were not carried out either because the study findings are so consistent and robust that it would not have been useful (e.g. MACE for the studies on dipeptidylpeptidase-4 [DPP4] inhibitors) or because the studies are so disparate in the population and design that the metaanalysis findings would not apply to any group of people with diabetes in clinical practice (e.g. studies on the sodiumglucose cotransporter-2 [SGLT2] inhibitors).
Findings are given as HRs, concentrating on 95% CIs rather than central estimates, unless otherwise stated. p values are not used, except with caution to identify possible sub-group interactions or where strong enough (p < 0.001) to justify positive consideration of a secondary or observational outcome (for example, heart failure and CV death in the EMPA-REG OUTCOME study [13] ).
CARMELINA: a CVOT of linagliptin
Design and populations CARMELINA [18] complements two previous placebo-blinded, standard-of-care-controlled, CVOTs of DPP4 inhibitors (ignoring the EXAMINE study of alogliptin in people with recent acute coronary syndrome [ACS] [24] ); like the TECOS study on sitagliptin and SAVOR-TIMI 53 (saxagliptin) (hereafter referred to as SAVOR), CARMELINA was performed in people with type 2 diabetes and extant CV disease, or at high risk of CV events. However, there are some differences in the populations used between these studies [10, 12, 18] (Table 1) . CARMELINA recruited people with previous CV events and micro/macroalbuminuria, or those with some impairment of eGFR (<75 ml min
) with macroalbuminuria, or with more severe renal impairment (eGFR <45 ml min
) alone. As a result, 62% of the population had eGFR <60 ml min
. Of note, linagliptin is not known to have any special effect on the kidney. This also resulted in two overlapping but distinct populations: one with extant CV disease (CVD; 57%) and one with renal disease (eGFR <60 ml min
−2 or macroalbuminuria (74%); 33% of the population were in both groups [18] . This limits generalisability of the findings as, while the highest event rates were seen in those with more advanced renal impairment rather than prior CV disease, it is unclear how results from the combined population might be applied to a general diabetes population. However, the interaction of renal groups and major study outcomes are presented in the supplementary materials of the original publication and, while the numbers within subgroups provide low power, no concerns are obvious [18] . While the three studies of DPP4 inhibitors agree that shortterm (<3 year) outcomes do not differ between DPP4 inhibitors and standard of care, they are less similar regarding the studied populations than the previous paragraph might imply. CARMELINA, like SAVOR, had only a small Asian population (and all three studies include barely any black/AfroCaribbean people) but TECOS recruited in Asia (Table 1) . More strikingly, CARMELINA had very high baseline use of insulin and high rates of new insulin starters during the study (Table 1) , to the extent that it could be argued that the results are only generalisable to insulin-treated populations.
The generalisability issue is further marred by the very high event rate in this study (Table 1) . Event rates in CVOTs have shown inflation over the years, but the rate of 5.6% per year reported in the placebo group has only previously been exceeded in post-ACS studies. The chronic kidney disease (CKD) population does have high CVD rates, which may have contributed to the high event rate observed in this study. That the observed event rate is far in excess of previous studies recruiting only a secondary prevention population (e.g. PROactive, TECOS), or the intensive therapy studies ACCORD and ADVANCE [3, 10, 25, 26] , leads to unanswered questions as to how the population was recruited in CARMELINA. Were these perhaps cardiology patients with diabetes rather than people with diabetes with CV/renal disease?
Findings The above being said, the headline findings are entirely consistent with TECOS and SAVOR and confirm, with adequate power, that in the short-term linagliptin shows no CV safety signal ( Table 2 ). The heart failure signal unexpectedly observed with saxagliptin [12] was not found in CARMELINA and, with its absence also in TECOS [10] , it is now clear that this is not a class effect. The EXAMINE (alogliptin) data are noncontributory to this evaluation as its CIs for heart failure are very wide thus being consistent with any of the other three studies [27] . Useful sensitivity analyses were performed, including perprotocol, a more robust test of non-inferiority. Breakdown of MACE by its components suggests there is no reason to doubt the validity of this composite endpoint (unlike with SGLT2 inhibitors, as discussed further below), but CARMELINA does not have the power to be as convincing as TECOS in regard to this ( Table 2 ). The positive interaction test result for MACE based on HbA 1c levels is unadjusted and one of 25 such tests [18] , and thus unlikely to be a reliable finding.
A major secondary endpoint in CARMELINA was the composite endpoint for kidney disease, prospectively allocated the greater part of the alpha power at that level. This was mainly defined as a confirmed >40% decline in eGFR, with minor contributions (due to low event number) from end stage renal disease and renal death. As might be anticipated given the SAVOR and TECOS results, this did not differ between linagliptin vs standard of care (HR 1.04 [95% CI 0.89, 1.22]) [18, 28, 29] . TECOS showed a sustained decline in eGFR with sitagliptin use, to a clinically insignificant extent [28] , but CARMELINA does not report this data.
The authors of CARMELINA also present findings of two other composites (nephropathy and microvascular disease), both of which were driven by progression of albuminuria and showed advantage to linagliptin vs standard-of-care. Albuminuria in type 2 diabetes is, however, a marker of vascular inflammation rather than microvascular disease and positive findings have been reported for a wide range of glucoselowering medications, including sulfonylureas, PPAR-γ GLP-1RA studies LEADER agonists, other DPP4 inhibitors and GLP-1 receptor agonists (GLP-1RAs) [2, 14, 26, [28] [29] [30] . This is therefore not a remarkable or useful finding.
Safety and tolerability DPP4 inhibitors have an excellent safety and tolerability record, the exceptions being the heart failure signal in SAVOR (as discussed above) and the possibility of increased risk of pancreatitis. With the relatively small study population exposed to linagliptin (n = 3494) for only 1.9 years on average, CARMELINA does not answer any question regarding low-frequency safety signals, including pancreatitis. Indeed, the data on confirmed acute pancreatitis from the three DPP4 inhibitor studies discussed here are not strong, even after combined analysis (events: n = 49 on DPP4 inhibitor vs n = 26 on placebo). Hence, although the signal is a clear, it is by no means a certain one and provides no reassurance that the drugs are safe in this respect (Table 3 ).
Summary and consequences The CARMELINA findings are not derived from a population that is directly comparable with TECOS and SAVOR but are consistent with findings from these studies. The absence of a heart failure signal makes it more likely that the 'finding' in SAVOR is due to chance. Nonetheless, given that sitagliptin and linagliptin do not show this heart failure signal, these agents would appear to be the better choice over saxagliptin and any other DPP4 inhibitor without a proper CV study in a regular diabetes populations, unless the individual's risk of heart failure is known to be low. However, the absence of any clear benefit, except for their excellent tolerability, would seem to put this class behind medications showing some CV or kidney disease advantage, where this need is identified (see below for GLP-1RAs and SGTL2 inhibitors).
Harmony Outcome: a CVOT of albiglutide
Design and populations Albiglutide is no longer actively marketed, but the mixed findings from other GLP-1RA
CVOTs mean that the findings from Harmony Outcome [17] (hereafter referred to as Harmony) are interesting and useful. As with CARMELINA, however, the study population was relatively small, particularly for such a short study duration (Table 4 ). The very high event rate in the placebo group (5.9% per year) was unexpected [31] and again raises questions of generalisability to ambulant diabetes populations, even to those with extant CVD, as was required for entry into this study.
Harmony complements three other placebo-blinded, standard-of-care-controlled CVOTs of GLP-1RAs, excluding the ELIXA study of lixisenatide in people who had recent ACS [14, 15, 32, 33] . The three prior studies included individuals with CV risk factors but no prior CVD, and, unlike Harmony, two of these studies had total event numbers that were clearly aimed at testing superiority [14, 33] . Nevertheless, hierarchical testing for superiority after inferiority analysis was pre-specified in Harmony. SUSTAIN-6 was a phase 3 study designed to exclude the 1.80 (not 1.30) upper confidence limit for hazard (this is perceived by some as a limitation of the study) [15, 34] . As with CARMELINA, SUSTAIN-6 and LEADER, Harmony had very high rates of combination insulin therapy, with 62% of participants taking insulin by the study end (Table 4) ; this too raises concern over generalisability of the findings. Indeed, the test for interaction for baseline use or non-use of insulin nearly reaches conventional statistical significance (p = 0.053) but with CVoutcome advantage to the non-insulin group, these findings thus mitigating possible concern.
Harmony had a very low proportion of Asian and black participants (Table 4) , indeed to an extent that any determination of interaction of the primary outcome between ethnic groups is unsound. None of the GLP-1RA studies are then directly applicable to the majority of the world's population with type 2 diabetes. In Harmony, there was no interaction for the primary outcome between subgroups of Hispanic and nonHispanic white ethnicity.
Findings Despite being powered for non-inferiority, in Harmony the central HR for MACE was 0.78, which, with Data are presented as number of participants who reported in the study as having developed pancreatitis/pancreatic cancer; for active medication vs standard-of-care (placebo) MR, modified release (long-acting) 766 primary events (Table 4) , brings the upper CI down to 0.90 (Table 2) , which is a more comfortable margin over equivalence to standard of care than for the three earlier GLP-1RA studies (Tables 2 and 5 ). While numerically this is driven by MI events, the HRs of the components of MACE in this study are consistent with the primary outcome and each other ( Table 2) . At the doses used in Harmony, albiglutide was less efficacious in lowering glucose and body weight than the other agents in the other CV-positive studies, consistent with phase 3 findings [35] , but the CV outcomes with albiglutide are at least as impressive. These findings suggest that the beneficial effect of albiglutide on CVoutcomes is not mediated by changes in plasma glucose or energy balance, and that the dose-response curve for vascular protection is not coincident with that for glucose-lowering between the four GLP-1RA agents investigated in LEADER, SUSTAIN-6, EXSCEL and Harmony. These findings perhaps even suggest that the effect of this class of drug on CV risk may not be mediated through the classic GLP-1 receptor or, alternatively that they may reflect differential tissue access [36] . It is possible to put together a panel of HRs and their CIs for the four GLP-1RA CVOTs for MACE, its components and all-cause mortality (Table 5 ). If this is done, the best of these five variables (using the criteria of best upper CI) are scattered amongst the studies, with EXSCEL and LEADER tying for all-cause death. This suggests that the findings are drawn by chance from the same population of effect. Harmony, then, can be regarded as entirely consistent in terms of CVoutcomes with the other three agents.
Tests for subgroup interaction in Harmony, with a couple of p values <0.05, are as to be expected for multiple testing. The 'significant' findings for age and smoking [17] are both inconsistent in direction within the subgroups.
Harmony is unusual in that the phase 2/3 programme for albiglutide included, by design, a number of studies that continued for at least 2 years, in which MACE events were prospectively adjudicated [37] . Indeed, composite exposure to albiglutide and placebo at phase 2/3 was not very different from that in Harmony Outcome [37] . However, the number of people with MACE events was just 105 (HR 0.99 [95% CI 0.65, 1.49]), emphasising (as has been shown with rosiglitazone and DPP4 inhibitors) how phase 2/3 studies with low numbers can give misleading findings for CV outcomes [6, 38] .
Safety and tolerability Interestingly, the rather patientunfriendly injection system for weekly albiglutide in Harmony did seem to lead to a higher discontinuation rate from study medication than for semaglutide (allowing for exposure period) ( Table 4 ). This problem was also noticeable for the original exenatide modified release formulation (MR; long-acting) in the EXSCEL study over a longer exposure period [33] . Albiglutide was already known to show a modest degree of gastrointestinal intolerance and a low but measurable rate of injection-site reactions [39] ; these findings were confirmed in Harmony [17] . The data for other pre-defined adverse outcomes of special interest, including pancreatitis (Table 3) , are not concerning. However, actual exposure to albiglutide in Harmony was low (~7000 person-years), so the power to detect uncommon side effects was low. Harmony also has little power to address the issue of accelerated progression of retinopathy with GLP-1RA use, which was raised by SUSTAIN-6, with a weak signal being revealed in LEADER [14, 15] . However, the absence of this issue with albiglutide would be consistent with the glucoselowering hypothesis, semaglutide being much more effective in this regard [15] .
Summary and consequences Because albiglutide is no longer promoted for use, the findings here are of indirect significance and importance. Nevertheless, the observed clear benefits regarding CV outcomes confirms that there is a class effect of clinical significance, probably extending to all longer-acting agents (Tables 2 and 5 ). The divergence between CV and glucose-/body weight-lowering efficacy is important for our understanding of how the GLP-1RA class mechanistically achieves amelioration of MACE events within 12 months of taking the medication, with this effect (according to KaplanMeier curves) continuing to the end of each study. While injection therapies are not always welcome, it does now seem that the offer of CV protection cannot be denied to anyone with type 2 diabetes and extant CVD, if resources allow. No serious safety signals have emerged for this class.
The detailed results of the REWIND study are awaited (expected June 2019) and should throw further light on the issue of whether people without extant CVD can benefit from prescription of GLP-1RAs [20] . Details of the CVD/non-CVD subgroups within REWIND and the interactions between them will be needed to assess the implications for the non-CVD population.
DECLARE-TIMI 58: a CVOT of dapagliflozin
Design and populations DECLARE-TIMI 58 [19] (herein referred to as DECLARE) joins the EMPA-REG OUTCOME study and the CANVAS Program (composed of two studies) as reported CVOTs of SGLT2 inhibitors [13, 16, 19] . However, these three studies are of different designs; DECLARE, like the original CANVAS study, had a majority population (59%) without extant CVD (Table 6 ). However, because of its very large base population and relatively long duration of follow-up, the power of this new study for those with CVD remained relatively good. This mixed population might have allowed a better assessment of effects in those with and without CVD, which was not possible in EMPA-REG OUTCOME (in which 99% of participants had known atherosclerotic CVD) and was only possible with limited power in the CANVAS Program. However, with the exception of heart failure and the renal composite outcome, DECLARE's headline findings are less certain than expected (Table 2) .
DECLARE had a somewhat lower proportion of participants on insulin therapy at baseline (mitigated for safety by the high exposure) and a better sex mix than in the EMPA-REG OUTCOME (empagliflozin) study (Table 6 ). However, the [14] ; EXSCEL [33] number of participants who were of black ethnicity is again too small to make meaningful conclusions regarding differences between ethnic groups. Further, due to the exclusion of people with eGFR <60 ml min
, meaningful data in this group is not provided, with one useful exception (discussed below).
This large study had a longer follow-up (4.2 years) compared with the other SGLT2 inhibitor CVOTs, and a low discontinuation rate when taking the study duration into account; hence, in DECLARE, exposure to dapagliflozin was usefully high (Table 6 ).
Findings Discussion of the findings of DECLARE is complicated due to the multiple composite endpoints analysed, each of these often driven by one component and, therefore, invalid. A composite endpoint analysis is only valid if the components of the composite behave similarly or, if they do not, if they are of similar clinical impact. For example, CV death plus hospitalisation for heart failure is a composite that makes sense in heart failure studies but not in diabetes-care studies. Here, the hazard findings are of a 5-27% reduction for the composite but, when each component is analysed individually, this is clearly driven by a strong reduction in heart failure (HR 0. Table 2 ). The effect of dapagliflozin on heart failure risk is consistent with that for empagliflozin and canagliflozin [13, 16] . Further, for the composite, this is a clear finding on interaction testing in both the CVD and non-CVD subgroups. Although information on these subgroups is unavailable for canagliflozin, this has been hypothesised from a large observational study of SGLT2 inhibitors [40] .
The MACE findings in DECLARE are presented as being of interest for non-inferiority testing only, but clearly do not support superiority (Table 2 ). They are, however, otherwise useful since the data from EMPA-REG OUTCOME and CANVAS are not easy to interpret. For example, the form of the Kaplan-Meier curves is different between the three studies: in EMPA-REG OUTCOME and CANVAS Program, after 18 and 24 months, respectively, the lines converge or are parallel (meaning no further advantage from the drug); in DECLARE, however, the lines begin to diverge in a way that is indicative of putative advantage with dapagliflozin use [13, 16, 19] . Overall, there is no evidence of any MACE advantage in the non-CVD group on subgroup analysis [19] . The conservative interpretation of these findings would be that the differences between studies (medications) are due to chance and that there is no reliable evidence of MACE advantage with use of SGLT2 inhibitors, except perhaps in the short- term. This interpretation even then would apply only to high-risk individuals with extant CVD, as observed in CANVAS [41] . Furthermore, the MACE components also behave differently between the SGLT2 inhibitor studies (Table 2 ). In EMPA-REG OUTCOME the HRs were very different (to the extent where empagliflozin has now been granted a US licence for the prevention of CV death only), while, in CANVAS, the HRs for the individual components were fairly consistent (thus, canagliflozin now has a US licence for CVD prevention) [42, 43] . In DECLARE, the findings for the MACE components are mostly consistent, albeit with no suggestion of superiority, and with, as noted above, no effect on risk of CV death.
An issue here is stroke; the SGLT2 inhibitors reduce blood pressure to a seemingly useful degree, consistent with their volumetric effects, but stroke hazard was not reduced in any of the SGLT2 inhibitor CVOTs and, indeed, there was a signal for harm with empagliflozin (Table 2 ). An explanation may be that the increases in haemoglobin/haematocrit induced by this class of agents, and the blood volumetric/hypotensive effect, are countering the blood pressure advantage, preventing stroke reduction. This may have clinical consequences for those with diabetes who experience a transient ischaemic attack (TIA) or stroke while taking these medications, and others at particular risk of such an event.
DECLARE gives evidence for the impact of dapagliflozin on two renal composites, one including CV death and renal death and the other (more conventionally) only renal death, with both composites also including end stage kidney failure and a 40% reduction in eGFR. The latter composite provided a very strong finding (HR 0.53 [95% CI 0.43, 0.66]), consistent with EMPA-REG OUTCOME and CANVAS. This finding is driven by the eGFR component (judging by the steps in the Kaplan-Meier curve), although we do not yet have crucial information on rate of eGFR decline in DECLARE participants and whether this finding is preserved below an eGFR of 60 ml min [44, 45] . However, despite the few participants in DECLARE with an eGFR <60 ml min Safety and tolerability The DECLARE findings are, in general, neutral for safety and tolerability except for genital infections, which may account for the majority of the excess in discontinuations [19] . Notably, there is a curious absence of an excess of reports vs placebo related to volumetric effects. Toe amputations and subsequent higher-level amputations were raised as an issue with SGLT2 inhibitor use by the CANVAS study and by observational studies [16, 46] . These were not increased in DECLARE, but it is not made clear whether a signal may have been developing before preventative measures were put into place (in response to the CANVAS findings). In DECLARE, peripheral vascular disorder as an adverse event doubled with dapagliflozin use, but numbers of events are small. Ankle fractures were numerically higher on dapagliflozin vs placebo, and humerus fractures were lower. Diabetic ketoacidosis numbers in the main text (which are substantially different to those reported in the supplementary tables in the publication) were approximately doubled in the dapagliflozin group; this was said to be mainly an effect in the insulin-treated population [19] . The 0.17% excess rate of ketoacidosis with dapagliflozin vs placebo over the study duration would, if all ketoacidosis events were in the insulin-treated group, imply an excess rate of approximately 1 per 1000 people per year. The severity of these ketoacidosis events is unclear.
Summary and consequences The disparity of the design of and findings from the CVOTs for empagliflozin, canagliflozin and, now, dapagliflozin, means that some uncertainty still remains, with the current study not adding much clarity. However, the exceptions are very important clinically, with renal protection being perhaps the most significant of these. Even in the absence of longitudinal eGFR data from DECLARE, the findings regarding renal protection are strong and consistent between the three studies; hence, this is clearly a class effect. The results of the CREDENCE study (of canagliflozin)
are not yet available in detail, but the primary endpoint is renal outcome and the study closed early because of a strong finding of efficacy on interim analysis [21] . This kidney protection by SGLT2 inhibitors is possibly the biggest clinical gain in diabetes care since laser photocoagulation and statins. Furthermore, heart failure protection was consistently observed in the SGLT2 inhibitor CVOTs and, thus, this is also a clear class effect. In both these areas DECLARE is important because it has provided an opportunity to perform subgroup analyses, which indicate that, compared with standard of care, the relative effects of dapagliflozin are as strong for the non-CVD population as they are for the CVD population.
Other than the beneficial impact on renal events and heart failure, the advantages, and indeed side effects, of these medications are unclear, both individually and as a class. Unlike EMPA-REG OUTCOME, the benefits regarding CV death with SGLT2 inhibitors was not found in CANVAS or DECLARE. This is perhaps owing to the beneficial impact of empagliflozin on heart failure in a particularly high-risk CV population, with the placebo group in EMPA-REG OUTCOME having a three times higher CV death rate than in DECLARE [19, 47] . For EMPA-REG OUTCOME, the very divergent findings for CV death and stroke invalidate, for clinical and statistical purposes, the MACE finding [13] , while the findings for MACE in DECLARE are equivocal [19] . For the CANVAS Program, MACE is improved only for the majority subgroup with prior CVD, with no clear evidence of advantage after 24 months [16, 41] . Though underpowered as an individual MACE component in all three studies, only the MI effect seems consistent between the CVOTs for SGLT2 inhibitors, with no heterogeneity observed following meta-analysis of these studies [47] .
The findings of increased fracture rate with canagliflozin in CANVAS, though consistent with time, were clearly absent in CANVAS-R and do not appear with the other SGLT2 inhibitor agents. The findings from CREDENCE may help to shed light on this matter.
In terms of risk of amputation, a problem is that the data collected in the EMPA-REG OUTCOME study was apparently not sufficient to address the question with confidence [48] . In addition, in DECLARE, once aware of this issue, the problem is likely to have been ameliorated by avoiding SGLT2 inhibitor use if there had been a prior amputation, and stopping the medication if risk of peripheral ischaemia or infection appeared.
Neither EMPA-REG OUTCOME nor CANVAS appear able to address the potential ketoacidosis issue with SGLT2 inhibitor use. However, on the basis of data from DECLARE [19] , it is both a real and a low-frequency problem in people using insulin alongside dapagliflozin, although for reasons still unclear.
Overall conclusion and messages for guidelines
Clearly the three recent CVOTs provide knowledge to help develop diabetes guidelines and clinical management algorithms and protocols. Within the DPP4 inhibitor class, the linagliptin findings (from CARMELINA) perhaps have the least impact, with no reach beyond glucose-lowering, except perhaps in confirming the absence of a class adverse effect on heart failure and confirming safety in the presence of renal impairment. A lingering doubt remains over increased risk of pancreatitis with DPP4 inhibitor use. Nevertheless, the DPP4 inhibitors remain the best tolerated of any glucoselowering medications and, therefore, they should retain their position in the stepped approached to diabetes therapy, when other agents are not specifically indicated or preferred [49] .
The study findings for the GLP-1RAs (including the new Harmony findings) indicate that this class of drugs does not have a pancreatitis signal. This suggests that the possible increase in this signal with the DPP4 inhibitors does not occur through increased GLP-1 concentrations, but rather they may be affecting degradation of some other mediator relevant to the pancreatic vasculature or ducts, but this is speculative. GLP-1RAs have a relatively early beneficial effect on already damaged arteries, which persists over time, with evidence for both protection for MI and stroke. That this effect is seen with albiglutide, which has relatively low potency (clinically), might hint that it is not mediated through the classical GLP-1 receptor pathway. However, these findings could also be caused by the albumin moiety of this medication, which may prevent access to GLP-1 receptors in some sites, while the endothelium and inflamed arterial wall allow direct access [36] . Acylated GLP-1RAs, like liraglutide and semaglutide, could also have better access to hypothalamic centres. It has also been speculated that the human sequence medications have intrinsic advantage for CV protection over the exendin peptides, but this does not fit with our knowledge of receptor interactions [36] . Nonetheless, GLP-1RAs are now clearly indicated in people with diabetes and extant CVD, whether a weight-loss effect is desired or not [49] . The remaining negatives of GLP-1RAs are administration via injections and gastrointestinal side effects. In summary, the findings from the Harmony study do not seem to change the recent suggestions of the EASD/American Diabetes Association (ADA) Consensus Group [49] .
The clinical positioning of the SGLT2 inhibitors is less easy. Clearly, if there is a risk of heart failure, these medications are indicated and perhaps we should now be performing pro brain natriuretic peptide (proBNP) estimations as part of annual surveillance of individuals with diabetes. However, it is not clear whether SGLT2 inhibitors should be used merely because of extant CVD. It is clear that if eGFR is declining, particularly if it is declining through 60 ml min To conclude, what does this mean for CVOTs in general? From the point of view of MACE safety, they have been a complete failure, with no issues identified. Unlike the PPAR-γ agonists, for which a preclinical signal had been shown to exist, no CV issues have arisen with use of DPP4 inhibitors, GLP-1RAs and SGLT2 inhibitors, apart from the heart failure signal with saxagliptin. Of course, the benefits of these drugs (discussed above) have been evidenced by the trials discussed in this review, but not as mandated by the US FDA. One view is that large pragmatic safety studies ought to continue, not specifically directed at CVD, but including brain health, malignancy, bone health and the like, with directed superiority studies as felt appropriate by manufacturers and the academic community. An exception would be where a preclinical or phase 2/3 safety signal had been found. 6 , and in particular in regard of sitagliptin, albiglutide and canagliflozin, and from many competing products. This then specifically includes AstraZeneca, Boehringer Ingelheim, Eli Lilly, GlaxoSmithKline, Hanmi, Janssen, Merck (MSD), Novo Nordisk, Sanofi, and Takeda.
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